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EFFECT OF ITOHMAL PRESSURE O'^l THE CRITICAL SHEAR 
STRESS OF CURVED SHEET 
By Norman Rafel 

On an airplane in level flight, the -i^.pper surface of 
the Y/ing is subjected to an outward-acting pressure due 
to the difference in internal and external pressures. In 
order to deteniiine the effect of this pressure on the 
critical stressos> an experimental study has been under- 
taken. Reference 1 presented the results of compression 
tests on unstiff ened curved sheet subjected to an outward- 
acting normal pressiire. The present report gives the re- 
sults of torsion tests on two curved-sheet specimens sub- 
jected to an otitward-ac t i ng normal pressure. 

The two specimens, shown in fi^^-ures 1 and 2, are 
designated by their respective rib spacings of 10 inches 
and '60 inches. The specimens were mounted on n rigid 
vertical abutment in the. NACA structures research labor- 
atory as shown in figure 6. Two 100 , OOO-p ound- capac i ty 
hydraulic Jacks were used to apply torqiie to the specimens, 
one in conjunction with a lever to give downward load. 
Dial-gage readings were taken at the outer edge of each 
ribstatio:-. 

Formal pressure was applied by admitting corn-pressed 
air through a regulating valve into the specinien. A 
mercury manometer calibrated in pounds per square inch was 
used to measure the pressure inside the specimen. 

The specimen with 30-inch rib spacing originally had 
three bays of equal length. After several runs at differ- 
ent pressures, however, the buckling in the tip bay had 
become severe enough to cause yielding of the flange on 
the end rib, leaving a permanent buckle in the sheet and 
resulting in lower buckling loads for the specimen. The 
specimen was then repaired by reducing the length of the 
end bays to 21^ inches and making new end ribs of heavier- 
gage steel. (See fig. 2.) The critical buckling load was 
thereafter taken as the load at which buckling occurred 
in the bay 30 inches long. 
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The altered speciitien was tested with normal pressures 
up to 7 pounds per scuare inch. At the "buckling load for 
that pressure, however, very deep buckles and large rota- 
tional deflection occurred. After the load was released, 
sinall permanent "buckles remained in the sheet. Some addi- 
tional tests were made on the specimen in this dama.v^-ed 
state, in order to detercine the effect of initial yield- 
ing on the buckling load. 

In the plotting of test results, the shear stress in 
the skin at any torque v;as assumed to be given by the for- 
mula 

2At 



T shear stress 

T a'oplied torque 

A area enclosed by median line of skin 

t thickness of skin 

The results of the tests are presented in figures 4 
to 9, from which the follov/ing conclusions are drawn: 

1. Loading of the specimen until buckling occurred 
at normal pressures as high as 6 pounds per square inch 
did not appreciably injure the specimen for additional 
tests at different pressures, as evidenced by the experi- 
mental points in figure 4, where the numbers 1» 2, 5, and 
so forth indicate the order in which the tests v:ere m.ade. 
The presence of -oermanent buckles, however, did lower the 
critical shear stress for the specimen, as shown by the 
two curves for the specimen with oO-inch rib spacing. 

( See f ig. 4 . ) 

2. An outward-acting normal pressure a'cor ecia cly 
raises the critical shear stress for unstiffened curved 
sheet . ( See fig. 4. ) 

3. The absolute increase in critical shear stress 
caused by normal pressure is slightly greater for the 60- 
inch rib spacing than for the 10~inch rib spacing. (See 
fig. 5.) On a percentage basis, however, the increase in 
critical shear stress caused by normal pressure is consid- 
erably greater for the 30-inch rib spacing than for the 
10*-inch rib spacing. (See fig. o.) 
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4. The curve of shear stress agai:ist normal pressure 
at which buckles disappeared v;as always "below the curve of 
shear stress against normal pressure at which the buckles 
appeared. (See fig. 7.) 

5. The relationship between shear stress and normal 
pressure at ^7hich buckles disappeared is independent of 
whether the buckles were made to disappear by increase of 
normal pressure or by decrease of she.nr stress. >^SeQ 
fig. 7.) 

6. The torsional stiffness of the specimens before 
buckling was not affected significantly by an outward- 
acting normal pressure. (See figs. 8 and 9.) The lew 
torsional stiffness indicated in figure 8 for normal pres-" 
sures of 0 and 1 pound per square inch at a shear stress 

of 7098 pounds per square inch is explained by the fact 
that in these two cases the buckling stress had been 
exceeded. 
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Figure 3.- Torsion test of curved-sheet panel with outward-acting normal pressure. 




Figure 4.- Effect of :ior:T.al prossuro on critical shear stress. 




■ Outward-actiri:^ normal prsssuro, lb/ sq in. 
Fi.>m.ro 5.- Incroaso in criticc-1 shoar stress caused "by norv.ial -pro & sure. 



NACA 



Fig* 7 



12 



o Buckles appeared; pressure 

constant, shear eti^GG increasing 

□ Buc]':les disappeared; pressure 
constant, shear streee docroasicg 

L\ Buckles disappeared; slicar stress 
constant , pros3\iro incroasin<(r# 
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Out^vard-acting nornal pressure, lb/ sq in. 
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Corxipo.rison o?r s.-'^or stress at ';;lixcli buckles 
ajj p oar od and :li sapp oo rod. 
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Effect of normal pressure on rotation of speciir.e?i 'vith 
10-inch rib spacing'. 
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Piguro 9.- Efioct of norraal prcss-aro on rotation of spoci'-ion with 
30-inch rib spacin:^. 



